The processes contributing to the durability of repetition priming in picture naming and its decline across a week were assessed in two experiments with Spanish-English bilinguals. In Experiment 1, both picture identification and word retrieval processes of picture naming exhibited facilitation after a week. Word retrieval priming declined substantially relative to a 10-min retention interval, but picture identification priming remained stable. In Experiment 2, word translation exhibited repetition priming after a week. Decreased word retrieval priming accounted for the attenuation of translation priming relative to a 10-min interval, whereas word comprehension priming remained stable. A linear process model was used to formalize and test key hypotheses and to clarify the influences of component processes and retention interval on repetition priming.
Scientific understanding of human memory processes has often been advanced by the examination of qualitative and quantitative changes in memory performance across shorter and longer retention intervals. The time course of memory performance puts constraints on explanatory mechanisms. For example, repetition priming effects lasting for several days or weeks are inconsistent with the idea that they are based on temporary activation (Schacter, 1987) , a popular explanation in the 1980s (e.g., Graf & Mandler, 1984; Morton, 1979) . More specifically, facilitation for naming repeated pictures relative to new pictures is substantial even after several weeks and therefore cannot be based solely on residual activation from the initial exposure (Cave, 1997; Mitchell & Brown, 1988; Mitchell, Brown, & Murphy, 1990) ; instead, such effects reflect sustained learning based on a single experimental episode. The finding that people with global amnesia and age-matched controls show comparable levels of facilitation in naming repeated pictures at 2-and 7-day intervals also indicates that this repetition priming effect and its retention across time do not require support from explicit memory (Cave & Squire, 1992) .
Since Ebbinghaus's (1885) pioneering experiments, it has been known that forgetting generally occurs rapidly at first and slows over time. Consistent with the patterns of performance observed in more traditional tests of explicit memory and savings, studies of repetition priming in picture naming also suggest a rapid drop in facilitation at first, and then a slower loss of facilitation over time (Brown, Jones, & Mitchell, 1996; Cave, 1997; Cave & Squire, 1992; Mitchell & Brown, 1988; Mitchell et al., 1990) . Various mechanisms that might lead to this type of aggregate forgetting function have been evaluated in the context of explicit memory (Wickens, 1998; Wixted, 2004) . One possibility is that a set of items with heterogeneous exponential forgetting rates would, in the aggregate, appear as a power function. However, Wixted makes a strong case that the variability required in the forgetting rates is so large as to make a heterogeneous exponential-decay explanation implausible in the context of results that demonstrate that vastly different item types show similar decay rates, once encoded. He concludes that the best supported mechanism underlying the form of the forgetting function is that the longer any item is retained in memory, the less likely it is to be lost in the next unit of time, a conclusion consistent with neuroscientific theories of memory consolidation.
Within the context of repetition priming, we explore a variant of the item-variability explanation, which we will call a process-variability explanation. Repetition priming in a complex task, such as picture naming, derives from the speeding of multiple processes (see the next section). These processes may be regarded as qualitatively different from one another and may exhibit different decay rates following a learning episode. The aggregate function would then show rapid decay at first and slower decay over time as an artifact of the combination of processes that have faster and slower decay rates. Therefore, priming at shorter intervals would reflect both slow and fast decaying processes, but priming at longer intervals would depend more on the slow decaying processes. In the present study, we did not attempt to evaluate the form of the forgetting function, but rather evaluated whether rates of loss for component processes of picture naming and word translation differed across fixed intervals, from 10 min to 1 week. Similarly, the relative contributions of component contribution of picture identification processes to repetition priming in picture naming has been demonstrated using encoding tasks that require accessing conceptual information about pictures. Decisions about the animacy, weight, natural versus manufactured origin, or category membership of a pictured object facilitate later naming relative to new items (Carroll, Byrne, & Kirsner, 1985; Francis et al., 2002; Vaidya et al., 1998) . In bilinguals, prior naming of pictures in a different language facilitates naming relative to new items (Francis, 1998; Francis, Augustini, & Sáenz, 2003; Francis et al., 2002; Hernandez & Reyes, 2002) . The contribution of word retrieval processes to repetition priming in picture naming has been demonstrated using encoding tasks that require selecting and/or articulating the name without presentation of the target picture. Picture naming was facilitated by generating a picture's name in response to a definition (Lee & Williams, 2001; Monsell, Matthews, & Miller, 1992; Wheeldon & Monsell, 1992) , in response to a different exemplar of the object (Biederman & Cooper, 1991; Cave, Bost, & Cobb, 1996; Cave & Squire, 1992; Durso & Johnson, 1979; Francis et al., 2002; Stankiewicz, Hummel, & Cooper, 1998) , or as a translation response (Francis, 1998; Francis, Augustini, & Sáenz, 2003; Francis et al., 2002) .
Like picture naming, word translation also exhibits repetition priming effects at delays of several minutes (Francis et al., 2002; Francis & Durán, 2005; Francis & Gallard, 2005; Francis, Tokowicz, & Kroll, 2003) , but translation priming has not previously been measured at longer retention intervals. A long-term repetition priming effect for translation would indicate that a single experimental translation trial can lead to sustained learning and that this facilitation cannot be attributed to residual activation. Evidence for a word comprehension component in translation priming comes from studies in which translation was facilitated by prior semantic categorization of the stimulus word (Francis et al., 2002) , drawing a picture to represent the stimulus word (Francis & Durán, 2005) , or translation of the stimulus word into a neutral third language (Francis & Gallard, 2005) . Evidence for a word retrieval component in translation priming comes from studies in which translation was facilitated by prior picture naming (Francis, Augustini, & Sáenz, 2003; Francis et al., 2002; Francis & Durán, 2005; Sholl et al., 1995) or by prior translation from a neutral third language (Francis & Gallard, 2005) .
Transfer-Appropriate Processing Logic
In the present study, inferences about contributions of component processes to repetition priming were derived from a fundamental application of transfer-appropriate processing logic. According to the transfer-appropriate processing principle (Morris, Bransford, & Franks, 1977; Roediger & Blaxton, 1987) , the degree of transfer or priming from study to test depends on the similarity of the cognitive processes involved in the study and test tasks. We derived predictions from a specific interpretation of transfer-appropriate processing, in which common cognitive processes between study and test tasks are treated as the causal basis of facilitation. Processes are defined in terms of mental operations completed, not of levels of representation activated; repetition of these processes is assumed to strengthen the links, or connectivity, between mental representations. This version of transfer-appropriate processing is similar to those used by other researchers to derive predictions about repetition priming Sholl et al., 1995; Stankiewicz et al., 1998) . 1 However, we take this logic a few steps farther by making the basis for deriving predictions more explicit.
Tasks are defined in terms of their component processes, and the processes are conceptualized as they are in "critical path networks" (Townsend & Schweickert, 1989) and other mathematical models of picture and word processing (e.g., Theios & Amrhein, 1989) . First, a process is defined in terms of its start and end points and the path taken between them, all of which must match, for two processes to be considered equivalent. In this approach, only the path is used to predict priming. Prior practice of processes necessary to complete a test task elicits a decrease in response time (RT) as concluded by Franks, Bilbrey, Lien, and McNamara (2000) , so long as the practiced process or processes are not overlearned (in which case there would be no detectable practice effect). Practice of a subset of processes necessary for completion of the test task exerts a selective facilitating influence on those processes when the item is repeated, resulting in a corresponding decrease in completion time.
Each experiment in this study consisted of a set of repetition conditions meant to facilitate picture identification, word comprehension, word retrieval, or a combination of these processes. The use of bilingual materials allows the application of two labels to the same concept, which in turn facilitates isolation and selective influence of identification, comprehension, and production processes. Evidence that translation equivalents for concrete words access the same conceptual representation is well established in the literature (see Francis, 1999 Francis, , 2005 , for extensive reviews). Experiment 1 tests the extent to which picture identification and word retrieval components of priming in picture naming survive or decay across a 1-week retention interval relative to a 10-min interval, using a strategy of selective influence. Experiment 2 measures the extent to which repetition priming of picture naming and translation survive or decay across a 1-week interval relative to a 10-min interval. The results of the two experiments are combined in a simple model to estimate how much the component processes of translation contribute to priming and to decrements in priming across the retention interval.
The simplicity of the task analyses for picture naming and translation along with the straightforward interpretation of transfer-appropriate processing allow for the critical hypotheses to be expressed in a simple linear model. The priming contributions of the component processes in each experimental condition were expressed in a linear equation. Table 1 shows the processes shared by the encoding and test tasks in each experimental condition. For example, when the encoding task is translation from the dominant to the nondominant language, and the test task is picture naming in the nondominant language, word retrieval processes in the nondominant language are shared. We assume that the processes common to the study and test tasks do not change as a function of retention interval. However, the impact of process repetition on perfor- mance is expected to change as a function of retention interval. The effects of process repetition on performance were measured at 10-min and 1-week retention intervals in two experiments. Experiment 1 contained the 6 conditions necessary to test contributions of picture identification and word retrieval processes to repetition priming in picture naming. Experiment 2 contained the 4 additional conditions necessary to test contributions of word comprehension and word retrieval processes in word translation when combined with the results of Experiment 1 in the model. The model was used to first test whether the relations previously found at short retention intervals hold after a 1-week retention interval. Further tests using restricted versions of the model examined whether a 1-week delay between encoding and test had differential effects on the component processes contributing to repetition priming in picture naming and translation.
ExPERiMENT 1
Experiment 1 assessed the relative contributions of picture identification and word retrieval to picture naming facilitation at 10-min and 1-week retention intervals. As illustrated in Figure 1 , the encoding task used to facilitate picture identification was picture naming in a different language. For example, naming a picture of an apple in English at encoding and naming the same picture in Spanish at test both require identification of the same pictured object. The encoding task used to facilitate word retrieval was translation to the target language. For example, translating apple to Spanish at encoding and naming a picture of an apple in Spanish at test both require retrieving and articulating the Spanish word manzana. Both tasks have been shown to facilitate later picture naming at a short retention interval, and their facilitating effects appear to be independent (Francis, 1998; Francis, Augustini, & Sáenz, 2003; Francis et al., 2002 ). An identical picture naming condition was included for comparison.
Method
Participants. The participants were 84 Spanish-English bilinguals (43 men, 41 women) ranging in age from 17 to 46 (median, 19) , all reporting Hispanic ethnicity (except 1 who did not report ethnicity information). All were undergraduate students at the University of Texas at El Paso who participated for an introductory psychology research requirement, or for a payment of $5 per session. None had previously participated in an experiment involving the critical picture stimuli. Twenty-three additional individuals began the protocol, but 12 were excluded because they failed to show up for the second session and 11 were excluded because of low accuracy (less than 50%) in English or Spanish.
According to the self-report questionnaire, 90.5% of the participants had learned Spanish first, 5.9% had learned English first, and 3.6% had learned Spanish and English simultaneously from early childhood. The median age at which participants had begun to learn their second language was 6. According to self-ratings of relative proficiency, 51.2% were classified as English dominant and 48.8% as Spanish dominant. Because El Paso, TX is located on the U.S.-Mexico border and is a bilingual environment, the regular use of both English and Spanish is common. Participants reported that over the preceding month, they had used English 42.5% of the time, Spanish 43.5%, and a mixture of both languages the remaining 14%.
Apparatus. Stimuli were presented on the monitor of a Macintosh G4 computer, and the sequence and timing of presentation was programmed using PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Vocal RTs were collected by means of a PsyScope button box (New Micros, Dallas, TX) with a high-impedance microphone attached.
Stimuli. The 280 picture stimuli were selected primarily from the Snodgrass and Vanderwart (1980) Pictures Please library (Abbate, 1984) . The names of the pictures had a mean letter length of 5.6 in English and 6.4 in Spanish, and the median frequency in the written English was 14 per million (Kučera & Francis, 1967) . Although none of the items had names with identical spelling or pronunciation in English and Spanish, 26% could potentially be considered cognates (e.g., cross/cruz or stove/estufa). 2 The stimuli were randomly assigned to 14 sets of 20 items. The sets were rotated through the experimental conditions across participants using a Latin square to control for specific-item effects.
Design. The experiment had a 3 (encoding task) 3 2 (response language) 3 2 (retention interval) within-subjects factorial design, with an additional new-item control condition in each language. Thus, there were 14 conditions in all. The encoding tasks were picture naming in the target language, picture naming in the nontarget language, and translation to the target language. The final response language was English for half the items and Spanish for half the items. The retention interval between prime trial and test trial was approximately 10 min for items in the immediate condition and 1 week for items in the delayed condition. The primary dependent variable was RT in test phase picture naming.
Procedure. Participants were tested individually by a bilingual experimenter in two 30-min sessions spaced a week apart. In the first session, participants completed encoding tasks for all items assigned to the delayed condition. There were 4 blocks of trials corresponding to the tasks of picture naming in English, picture naming in Spanish, translation from English to Spanish, and translation from Spanish to English. Instructions for these tasks were given in the assigned response language. Each block began with 3 practice trials and continued with the experimental trials (40 for picture naming blocks and 20 for translation blocks). On each trial, the stimulus appeared on the screen and remained until a vocal response was registered; after a 1,250-msec intertrial interval, the next stimulus appeared. The experimenter noted unexpected responses and timing errors on a preprinted list of expected responses. After completing the naming and translation tasks, participants filled out a language background questionnaire.
In the second session, participants completed the encoding tasks for the immediate condition. The test phase immediately followed. In the test phase, all experimental pictures were named. The English and Spanish picture-naming blocks each consisted of 140 trials with a short rest halfway through. Languages and task order were counterbalanced across participants but kept consistent for the encoding and test phases of any individual.
Results
Data processing. Because analysis focused on RTs in the test phase of the experiment, invalid test phase trials were removed before extracting the condition means for each participant. Out of a total of 280 test phase trials, on average 12.1% (SD 5 5.5%) were removed as naming response errors (including don't know responses), 1.0% were removed as machine timing errors, and 12.6% were removed as spoiled trials. Spoiled trials had correct and correctly timed test phase responses, but the prime status of the item was compromised. Trials were considered spoiled if the encoding phase response was unacceptable (8.4%), was acceptable but inconsistent with the test phase response 3 (1.6%), or had a machine timing error (1.2%), or if the answer or its translation was given as an error response to an earlier item (1.4%). Items with RTs greater than 5,000 msec, less than 200 msec, or more than 2 standard deviations from the condition mean were removed as outliers, thus excluding 4.5% of the trials. On average, 69.7% of the test phase trials were retained for the RT analysis, a mean of 14 items per condition per participant.
Encoding phase. Encoding phase response times and error rates are shown in Table 2 as a function of the task and response language. Because approximately half of the participants reported dominance in each language, and language proficiency is known to affect RTs, error rates, and repetition priming, English and Spanish responses were recoded in terms of the dominant and nondominant languages for all analyses. Encoding phase RTs and error rates were analyzed using separate 2 (task) 3 2 (response language) repeated measures ANOVAs. All inferential statistics were bidirectional with a 5 .05. Overall, RTs were faster for picture naming than for translation [F(1,83) Table 3 as a function of encoding condition, response language, and retention interval. Picture naming RTs for new items were faster in the dominant language than in the nondominant language [t(83) 5 4.19, p  .001]. Priming was measured by subtracting the mean RTs for items in the repeated conditions from the mean RTs for new items named in the same language. Priming effects are illustrated in Figure 2 as a function of encoding condition, language, and retention interval. Using a Bonferroni correction with a family-wise error rate of a 5 .05, priming effects in all 12 conditions were statistically significant.
The subtracted priming scores were analyzed using a 3 (encoding condition) 3 2 (response language) 3 2 (retention interval) repeated measures ANOVA. The priming magnitude differed across encoding conditions [F(2,166) 
Discussion
Priming was significant but attenuated after a 1-week delay in identical repetition conditions, as in previous studies (Brown et al., 1996; Cave & Squire, 1992; Mitchell & Brown, 1988) . Both picture identification and word retrieval processes contribute to the durability of priming across long retention intervals, as indicated by the significant priming in all conditions after a 1-week delay. However, the attenuation of priming across the delay appeared to occur exclusively in word retrieval. Priming due to picture identification processes did not decrease across the delay. In contrast, priming in conditions in which word retrieval processes were repeated from encoding to test decreased substantially, with similar effects for the identical and translation conditions. This pattern cannot be explained simply as a function of the relative magnitudes of priming in the three encoding conditions. Both repetition of picture identification processes and repetition of word retrieval processes elicited facilitation in picture naming. The contribution of word retrieval processes to priming was greater in the nondominant language, as indicated by stronger priming in translation and identical conditions when responding in the nondominant language. However, the contribution of picture identification priming did not depend on the response language, as indicated by symmetric priming across languages in the different-language naming conditions. This pattern was evident at the short retention interval, replicating our previous research (Francis, Augustini, & Sáenz, 2003) , as well as at the long retention interval. Facilitation attributable to word retrieval processes decayed faster than facilitation attributable to picture identification processes, whether considered in terms of absolute differences or proportions. The nondominant language exhibited greater loss when considered in absolute terms, but when loss was considered as a proportion of the immediatecondition facilitation effect, the rate of loss was similar to that of the dominant language. To rule out the simplistic explanation that the difference arises because pictures are less susceptible to forgetting than words, in Experiment 2 comparison conditions were included in which the stimuli were presented as words that had to be translated. Word comprehension is an identification process as well as one involving words rather than pictures.
ExPERiMENT 2
Facilitation elicited by identical repetitions in picture naming and translation was measured at 10-min and 1-week retention intervals in Experiment 2. As explained in the introduction, concept-mediated translation requires both word comprehension and word retrieval processes. Thus, translation shares word retrieval processes with picture naming but also requires word comprehension processes not shared with picture naming, which instead requires picture identification. The contribution of word retrieval to repetition priming in picture naming and translation is essentially equivalent, based on a previous study showing symmetric priming between picture naming and translation (Francis, Augustini, & Sáenz, 2003) . Therefore, any differences in priming magnitude between picture naming and translation can be attributed to differences between picture identification processes, in the case of picture naming, and word comprehension processes, in the case of translation. Estimates of word comprehension contributions to repetition priming translation at short and long delays can be obtained by subtracting the estimates of word retrieval contributions obtained in Experiment 1 from the identical translation repetition priming values in Experiment 2. Experiment 2 incorporated essentially the same materials and timing structure as Experiment 1 to allow fitting a linear model based on data from both experiments. Replication of the identical picture naming conditions allowed a comparison of participant proficiency across experiments.
Method
Participants. The participants were 72 Spanish-English bilinguals (32 men, 40 women) recruited from the same population as in Experiment 1. They ranged in age from 17 to 48 (median, 20) and all reported Hispanic ethnicity. Twelve additional individuals began the protocol, but 6 were excluded because they failed to show up for the second session and 6 because of low accuracy (less than 50%) in English or Spanish. According to the self-report questionnaire, 86.1% of the participants had learned Spanish first, 5.6% had learned English first, and 8.3% had learned Spanish and English simultaneously from early childhood. The median age of second language exposure was 5 years. According to self-ratings of relative proficiency, 52.8% were classified as English dominant and 47.2% as Spanish dominant. Over the preceding month, they reported using English 46.8%, Spanish 40.4%, and a mixture of both languages 12.5% of the time.
Materials. The 288 experimental stimuli were the 280 items used in Experiment 1, plus 8 additional items. Items were randomly assigned to 12 sets of 24, and sets were rotated through the 12 conditions across participants using a Latin square to control for specificitem effects.
Design and Procedure. The experiment had a 2 (task) 3 2 (response language) 3 2 (retention interval) within-subjects factorial design with new-item control conditions for each task 3 response language combination. The tasks were picture naming and translation, the response languages were English and Spanish, and the retention intervals were immediate (10 min) or delayed (1 week). For repeated items, task and response language were held constant from encoding to test. The procedure (including instructions, tasks, trial structure, and counterbalancing) was the same as for Experiment 1, except that the test phase had four blocks of 72 trials, with one block for each of the four task-language combinations.
Results
Data processing. Data were processed in the same manner as in Experiment 1. Out of a total of 288 test phase trials, on average 15.0% (SD 5 5.6%) were removed as naming response errors, 1.4% as machine timing errors, 7.8% as spoiled trials, and 4.6% as outliers. On average, 71.1% of the test phase trials were retained for the RT analysis, a mean of 17 items per condition per participant.
Encoding phase. Encoding phase response times and error rates are given in Table 2 and were analyzed in the same manner as in Experiment 1. RTs and error rates followed the same patterns as in Experiment 1, with all main effects and interactions being statistically significant ( ps  .01).
Test phase. Test phase RTs and error rates are shown in Table 4 as a function of task, response language, and retention interval. New-item RTs followed the same pattern as in the encoding phase but were longer. Repetition priming effects are illustrated in Figure 4 as a function of task, response language, and retention interval. Using a Bonferroni correction with a family-wise error rate of a 5 .05, priming effects for all 8 priming conditions were statistically significant.
The subtracted priming scores were analyzed using a 2 (task) 3 2 (response language) 3 2 (retention interval) repeated measures ANOVA. Priming was numerically stronger for translation than for picture naming, but this effect was only marginally significant [F(1,71) 5 3.00, MS e 5 68,306, p 5 .088]. Similarly, priming was numerically stronger in the nondominant language than in the dominant language, but this effect was only marginally significant [F(1,71) 
Discussion
As in Experiment 1 and previous research (Brown et al., 1996; Cave & Squire, 1992; Mitchell & Brown, 1988) , priming of picture naming was strong but attenuated after a 1-week delay. Translation also exhibited facilitation at the short retention interval as in previous research (Francis et al., 2002; Francis & Durán, 2005; Francis & Gallard, 2005; Francis, Tokowicz, & Kroll, 2003) . Priming of translation was substantial but attenuated at the longer retention interval, with a degree of attenuation similar to that observed for picture naming.
Because picture naming and translation share word retrieval processes, any differences in facilitation observed for these tasks would be attributed to differences between picture identification processes of picture naming and word comprehension processes of translation. Priming for translation was numerically stronger than priming for picture naming, suggesting a greater priming contribution from word comprehension than from picture identification, but this effect was only marginally significant. The similar effects of retention interval for picture naming and translation indicate that the processes not shared (i.e., word comprehension and picture identification processes) do not differ in their degree of attenuation across the delay. If it is assumed that the priming of word retrieval processes is of similar magnitude to that observed in Experiment 1, then it appears that picture identification and word comprehension both exhibited facilitation that did not decline across the week delay. Effects of the delay were strikingly similar in magnitude to those observed for conditions involving word retrieval in Experi- 17.4 Note-The encoding and test tasks matched in all conditions. For translation, the language indicated is the response language, not the stimulus language. L1, dominant language; L2, nondominant language. ment 1. The contributions of picture identification, word comprehension, and word retrieval to repetition priming are further clarified through the model analysis described in the following section.
A SiMPLE MoDEL oF REPETiTioN PRiMiNG PRoCESSES
A series of simple models was used to estimate contributions of component processes of picture naming and translation to repetition priming and to test for differences across retention intervals and languages. As explained above, predictions of priming for each experimental condition were derived on the basis of the processes shared by the study task and test task, listed in Table 1 . Contributions of the component processes in each condition were expressed in linear equations. Across the two experiments, there were 10 encoding conditions, each tested at 2 retention intervals. A set of linear models addressed the three key questions: whether the transfer-appropriate processing relations hold at both retention intervals, whether forgetting rates differ for identification and production processes, and whether priming contributions or forgetting rates depend on language proficiency.
Transfer-Appropriate Processing Assumptions
If the transfer-appropriate processing assumptions of this study are reasonable, a model based solely on contributions of the processes to priming ought to fit at any retention interval. The basic model had parameters corresponding to the priming contributions of the five processes: picture identification (PI), dominant-language word comprehension (WC1), nondominant-language word comprehension (WC2), dominant-language word retrieval (WR1), and nondominant-language word retrieval (WR2). The model was fit separately to the immediate data and to the delayed data. This 5-parameter model fit well for both the immediate data (RMS e 5 10.0 msec) and the delayed data (RMS e 5 11.1 msec), and model fit was very similar for the two retention intervals.
Forgetting
A forgetting parameter was assigned to each process to represent the proportion by which the priming effect decreased from the immediate to the delayed retention interval. The forgetting parameter ( f ) was assigned such that PR delayed 5 PR immediate * (1 2 f ) for each process, where PR represents the magnitude of the priming effect. The initial full model had 5 process contribution parameters and 5 corresponding forgetting parameters, or 10 parameters in all. Because 20 priming effects were measured, there were 20 free data points, and 10 degrees of freedom in the full model. This model fit relatively well (RMS e 5 10.6). (Parameter estimates for the full model are given in Table 1 .)
The effects of retention interval on the contributions of the five processes to priming were examined by making restrictions relative to the full model, specifically by setting f to zero or setting values of f equal across processes. Fits of the restricted models were compared to the fit of the full model to determine whether the restrictions significantly reduced fit. For each restriction, an F test for the effect of the restriction is reported, along with the RMS e of the corresponding restricted model. Setting word retrieval forgetting parameters to zero decreased fit relative to the full model in both the dominant language [F(1,10) 5 9.15, p 5 .013, RMS e 5 14.6] and the nondominant language [F(1,10) 5 48.88, p  .001, RMS e 5 25.7], indicating that priming contributions of word retrieval processes in both languages decreased over the 1-week delay.
However, setting the forgetting parameters to zero for picture identification or word comprehension (in either language) did not decrease fit relative to the full model. In fact, a model with all three restrictions did not reduce fit significantly relative to the full model [F(3,10) 5 0.40, p 5 .757, RMS e 5 11.2], indicating that the contributions of picture identification and word comprehension processes did not decrease reliably over the 1-week delay. When the model was further restricted by setting forgetting parameters for word retrieval in the dominant and nondominant languages to be equal, the fit was not significantly reduced relative to the previous model [F(1,13) 
Language Proficiency
Contributions to priming were compared across languages by making additional restrictions relative to the 6-parameter restricted model. Setting word comprehension contributions equal for the two languages significantly reduced fit [F(1,14) 5 13.46, p 5 .003, RMS e 5 16.1]. Setting word retrieval contributions to be equal across languages also reduced fit [F(1,14) 5 95.63, p  .001, RMS e 5 32.1]. (These restrictions were also significant when measured relative to the full model.) As expected, the contributions of word comprehension and word retrieval were greater in the nondominant language than in the dominant language. Because the preceding language restrictions significantly decreased the fit of the model, the 6-parameter model was retained. As explained in the preceding paragraph, forgetting rates did not differ across languages.
GENERAL DiSCuSSioN

Summary of Main Findings
In Experiments 1 and 2, repetition priming for picture naming was observed at both the 10-min and 1-week retention intervals, replicating findings of durable repetition priming in previous research (Brown et al., 1996; Cave, 1997; Cave & Squire, 1992; Mitchell & Brown, 1988; Mitchell et al., 1990) . Priming of picture naming using picture naming in the nontarget language and translation to the target language as encoding tasks in Experiment 1 indicated that both picture identification and word retrieval processes contributed to priming in picture naming. These findings were consistent with our past work (Francis, 1998; Francis, Augustini, & Sáenz, 2003; Francis et al., 2002) . Both of these priming contributions were reliable even at the 1-week retention interval, although the facilitation attributable to speeded word retrieval decreased.
Experiment 2 replicated previous findings of repetition priming in translation at a short retention interval (Francis et al., 2002; Francis & Durán, 2005; Francis & Gallard, 2005; Francis, Tokowicz, & Kroll, 2003) , and demonstrated for the first time the durability of this repetition priming across a 1-week retention interval. In Experiment 2, the repetition priming effect observed with identical translation repetition is far greater than the contribution that can be attributed to word retrieval, indicating contributions of word comprehension processes to repetition priming (as in Francis et al., 2002; Francis & Durán, 2005; Francis & Gallard, 2005) . Both contributions were reliable even at the 1-week retention interval, although the facilitation attributable to speeded word retrieval decreased, as shown in the model analysis.
Mechanisms of Facilitation and Repetition Priming
The patterns of observed RTs and the endurance of the priming effects across time constrain the plausible mechanisms of repetition priming. First, the facilitation observed in partial repetition conditions of Experiment 1 rules out explanations of identical priming that involve a qualitative change in processing route (e.g., from conceptmediated to direct) or strengthening a simple stimulusresponse association. Instead, the component processes of picture identification and word retrieval are executed more quickly when repeated. Second, the long-lasting facilitation effects observed with identical repetitions in picture naming and translation are inconsistent with an explanation that they are caused by a temporary increase in activation of the stimulus word, concept, or response word. Similarly, the contributions of picture identification, word comprehension, and word retrieval processes at the 1-week interval are inconsistent with the notion that they result from a temporary increase in activation. Instead, these effects reflect sustained learning (Cave, 1997; Mitchell & Brown, 1988) . Practice of comprehension or production of specific words produces long-term learning even when only a single experimental episode is added to an individual's history of preexperimental comprehension and production exposures.
Effects of Process and Task Difficulty on Degree of Facilitation
One implication of the transfer-appropriate processing logic used in this study is that more difficult processes should exhibit stronger priming. This assertion is not the same as to say that tasks with longer mean RTs will exhibit larger difference scores. Tasks with longer RTs usually do exhibit larger priming effects under conditions of identical repetition, but we argue that it is because tasks with longer RTs have a profile of component processes that are slower, or less well learned. The magnitude of repetition priming effects is not simply a monotonic function of the baseline RT of the test task, and counterexamples are evident in the partial repetition conditions. For example, in Experiment 1, the contribution of picture identification to facilitation in picture naming did not differ according to the final response language, even though RTs were longer in the nondominant language (as in Francis, Augustini, & Sáenz, 2003) . However, this finding is consistent with the expectation that priming magnitude will be monotonically related to the difficulty of the repeated processes, as are language-proficiency effects on word retrieval and word comprehension.
Contributions of word retrieval processes to facilitation were stronger when responses were made in the more difficult nondominant language (as in Francis, Augustini, & Sáenz, 2003; Francis et al., 2002; Francis & Gallard, 2005) , paralleling effects of word frequency (Wheeldon & Monsell, 1992) and age of word acqui-sition (Barry, Hirsh, Johnston, & Williams, 2001 ) on word production priming in picture naming. Similarly, the model analysis showed that contributions of word comprehension processes to facilitation in translation were stronger in the nondominant language. Based on the model estimates, priming of word comprehension in the dominant language was similar to the priming of picture identification.
Nature of Forgetting or Loss of Facilitation in implicit Memory
The relative contributions of picture identification and word retrieval to repetition priming changed across retention intervals. The magnitude of priming from practice of picture identification processes did not change substantially across the retention interval, but priming based on word retrieval decreased substantially and reliably. Although production had a bigger benefit from repetition, the benefits of practice were better retained across time for identification and comprehension processes. However, forgetting across a 1-week interval was not a monotonic function of the initial priming magnitude. Word comprehension in the nondominant language and word retrieval in the dominant language made similar contributions to facilitation at 10 min, but their forgetting rates differed substantially, whether considered in terms of absolute or proportional loss. The contribution of word comprehension to facilitation is larger for the nondominant language than for the dominant language, but the forgetting rates for these two processes are equivalent, whether considered in absolute or proportional terms. (The latter result also indicates that forgetting is not a monotonic function of process difficulty.) Finally, word retrieval contributions to priming were stronger in the nondominant language, but the proportional forgetting rates were equivalent.
These dissociations support a distinction between identification and production forms of repetition priming. Gabrieli has promoted this distinction as fundamental in the functional organization of implicit memory and showed that it predicted which forms of priming were impaired in early Alzheimer's disease or affected by attentional manipulations . However, in contrast to Gabrieli's research, in the present study picture naming was not considered an identification task, but rather a complex task with dissociable identification and production components. Thus, the distinction was made within rather than across repetition priming paradigms. In Experiment 2, the model estimates indicate that repetition priming in translation attributable to word retrieval exhibited a substantial decrease across retention intervals, whereas comprehension processes did not. This pattern extends the within-task dissociation of identification and production forms of priming to translation.
It is not clear why the forgetting rates differ for identification, comprehension, and production components. One possibility is that these differences stem from differences in preexperimental learning for the different processes. In explicit memory tests, diverse item types show similar forgetting rates if equally well learned, but less well-learned items show faster forgetting (Slamecka & McElree, 1983; Wixted, 2004) . Extending this idea to the component processes of word translation, if production is less well learned than identification or comprehension, then production should exhibit faster forgetting; this is what we observed. This explanation seems reasonable for translation, but extending it to picture identification processes is problematic, because participants had no prior exposure to the experimental pictures. Also, when comparing dominant and nondominant language performance in which production in the nondominant language is clearly less well learned, the rates of decay for word retrieval are equivalent. Therefore, the degree of preexperimental learning does not adequately explain the patterns of forgetting observed.
A second possibility is that the forgetting rate differences arise because production processes are more affected by competition or interference processes than are identification and comprehension processes. This is the explanation given by Gabrieli et al. (1999) for attention manipulations affecting production but not affecting identification forms of repetition priming. During a 1-week retention interval, a participant will listen to, read, and speak thousands of words. These episodes of retrieving other words may reduce the retrievability of the experimental words when producing them at test but would not be expected to affect comprehension. For the pictures, similar exposures during the retention interval seem unlikely, so there would be little basis for interference. The idea that differences in competition underlie the differences in forgetting rates does not appear to conflict with the findings. However, strong support for this explanation would require a focused manipulation of identification, comprehension, and production exposures to potentially competing stimuli.
Conclusions
Although previous research demonstrated the endurance of repetition priming for picture naming across long retention intervals, it did not decompose the processes contributing to the endurance, or the attenuation of priming across these intervals. The present study shows that both picture identification and word retrieval processes contribute to the durability of repetition priming in picture naming, with both sets of processes exhibiting substantial facilitation across a 1-week retention interval. Repetition priming for translation also lasts for at least a week, and both word comprehension and word retrieval processes of translation contribute to priming across a 1-week retention interval. More importantly, the relative contributions of the component processes changed across the retention intervals. Priming contributions of picture identification and word comprehension processes remained relatively stable over time, whereas contributions of word retrieval processes diminished. Thus, word retrieval was more sensitive to the retention interval manipulation than were picture identification and word comprehension processes.
The nature of forgetting in repetition priming or in implicit memory more generally has not been explored as thoroughly as forgetting in explicit memory, nor is it clear that it is driven by the same mechanisms. The present study shows that the rate of loss is not simply a percentage of the repetition priming effect size, but that contributions of different processes to the repetition priming effect do change across time. Models of forgetting, or loss of facilitation, in repetition priming must therefore accommodate different rates of loss for different components or processes. The present results support the dissociation between identification and production forms of repetition priming. However, the bases of priming for a given paradigm will depend on the encoding task, the retention interval, and the language proficiency of the research participants.
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